Abstract
Introduction
Potential emerging challenges were identified at the symposium "Reconciliation of biodiversity 79 conservation, ecosystem service provision and food security in the tropics" at the Society of and agricultural production in SE Asia. To identify and select the main ongoing challenges that 86 emerged from the symposium we developed a forest ES internalization framework (Fig. 2 , Table   87 1, (Cowling et al. 2008) ). We developed a valuation-knowledge-demand-engagement-consensus 88 framework that describes the factors and processes (where their lack or malfunctioning represent 89 challenges) necessary to internalize ES into policy for application on the ground (Fig. 2 , Table   90 1). Internalization of ES into policy is contingent on three necessary conditions: (i) adequate 91 tools to value ES; (ii) adequate understanding of the links between forests, food security and 92 people's well-being; and (iii) sufficient demand for ES integration in economic activities, and 93 political will to integrate ES in regulatory frameworks. Once these conditions are met, the further 94 two key processes are: (iv) integration of ES valuation within policy making processes; and (v) 95 consensus building with all stakeholders to derive policy influence and change.
96

Challenge 1. Do we have the right tools to value ES in SE Asia?
97
Over the last few decades, ES academic studies applied to forest management have increased general lack of expertise in these areas. Hence, a SE Asian ES framework should be underpinned 107 with practical approaches that support and build on current planning capacity in SE Asia. One 108 possibility is the application of these tools by external agencies with funding from outside SE
109
Asia or using benefit transfer statistical approaches (Carrasco et al. 2014) . Although these 110 approaches offer valuable spatial information, they do not empower local people to carry out 111 analyses and develop ownership, which is key for long-term success (Ruckelshaus et al. 2013 ).
112
Other alternatives are simple rapid assessment protocols that can be locally applied. For instance, 113 the 'Toolkit for Ecosystem Service Site-based Assessment' (TESSA; http://tessa.tools/) can help 114 understand the impact of actual and potential ES changes at individual sites (Peh et al. 2013 ).
115
These fit-for-purpose toolkits-which provide guidance on how to identify important ES and a 116 series of standardized protocols for measuring them-focus on site-scale assessments, and so are 117 relevant for local decision-making. These characteristics make protocols such as TESSA highly 118 relevant in SE Asia, where land-use decisions occur rapidly, and resources (budget, manpower, 119 capacity) are limited (Sodhi et al. 2004 ).
120
Measuring the economic benefits from forests, however, is insufficient for effective forest 121 management. We also need to quantify the linkages between ES, well-being and development 122 opportunities. These challenges can be potentially addressed by integrating a suite of complex 123 models (e.g. ARIES, InVest), or through benefit transfer approaches which use robust data from 124 toolkits like TESSA. This integration, which should be a future research priority (Table 2) 
155
These micronutrient-rich foods can be collected from 'natural' wild forests, but the crop and 156 species diversity of some types of agriculture practiced in forested landscapes, particularly 157 swidden agriculture and agroforestry (where staple crops are intercropped with legumes and also 158 managed for hunting), can also result in high quality diverse diets (Padoch & Sunderland 2014) .
159
Although the relationship between forests and nutrition is gaining increasing attention 
168
Since many tropical forests are cleared for agriculture, it is imperative to understand the true 169 costs of clearing forests for peoples' diets and compare this with other changes in well-being.
170
After forest landscapes are displaced by agriculture, agriculture may increase calories from 171 staple crops, but at the potential loss of nutritious foods from parts of the landscape. To 172 investigate this, more rigorous nutrition research with substantial sample sizes, clear selection 173 criteria for study sites, and attention to ecological context is necessary (Table 2) . (Table 2) . 
226
How valuation data are created and used, and whose interests are represented in decision-making 227 processes should be actively considered (Phelps et al. 2014) . This includes, for example, how 228 and whether formal processes recognize the diverse uses and values of ES for local actors.
229
As valuation initiatives to inform decision-making emerge across SE Asia, they should be part of 230 broader decision-making processes. ES valuation should not be restricted to environmental 231 benefits and costs, but consider also social aspects and the well-being of local people. The divide 232 between the theory of environmental economics and the actual application of ES valuation and 233 how this will influence land-use on-the-ground must be carefully studied if forest ES and 234 agricultural production are to be reconciled (Table 2) . landscape approaches also aim to reconcile competing land uses and achieve conservation, 242 production and socio-economic outcomes (Sayer et al. 2013 ).
243
Despite the utility of landscape approaches for both sustainable agriculture and forest ES 244 conservation, they should not be seen as prescriptive approaches to spatial planning. Published towards ES should be a priority (Table 2) .
312
Internalization of ES needs to consider the multiple dimensions of ES on human well-being, (Table 2) .
340
Building on solid valuation methods and land-use socio-ecological systems knowledge, 341 consensus between the key stakeholders involved in land-use decisions, e.g. using landscape 342 approaches, should be attempted through facilitation and negotiation, even if consensus is 343 impossible to reach in many instances. The reality however is that weak governance and 344 inequitable power relations prevail above negotiation and consensus (Table 1 , challenge 5). 
493
Challenge Research priorities 1 -Developing on-the-ground, easy to use tools that allow local communities to value ES dynamically as land-use changes, e.g. TESSA.
-Developing integrated suites of complex models (e.g. ARIES, InVest) with onthe-ground toolkits to understand linkages between ES, well-being and food security. 2 -Quantifying the relationship between well-being, food security and forest ES at different scales.
-Evaluating the well-being implications of land conversion by large companies versus other forms of development with different levels of forest conservation. 3 -Identifying ways to foster ES market demand and linking them to buyers, such as through REDD+ and forest ES certification schemes.
-Identifying strategies to internalize and enforce ES in EIA and regulatory frameworks. -Identifying factors that hinder the engagement of the ES valuation process with policy makers and stakeholders.
-Analysis of the cognitive and institutional dynamics of policy makers and institutions and how these hinder the implementation of ES into policy. 5 -Identifying the barriers that prevent discussion platforms and the engagement of all stakeholders.
-Identifying the most effective ways to counter and reduce corruption and power plays in consensus platforms. forest ES, food security and well-being; and sufficient demand for ES (markets and certification 508 schemes) and political will to integrate them into regulatory frameworks. Once these processes 509 are in place, the engagement of ES valuation with policy makers (that feeds back into political 510 will and demand for ES) and the development of consensus building platforms for all 511 stakeholders are needed to reconcile the trade-offs between competing land uses.
